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- DESCRIPTION — - 

nrrHROTP PRISM. PRISM UNIT, AMD — BRQJECTION DISPLAY APPARATUS^ 

-spechnicdl Field ^ 

The present invention relates to a dichroic prism, a 
prism unit thereof, and a projection display apparatus. 

Most projection display apparatuses for projecting a 
color image onto a projection screen utilize a dichroic 
prism. A dichroic prism is an optical element that 
synthesizes and emits lights of three colors, red, green, 
and blue, in the same direction. 

Fig. 13 is a conceptual view showing the principal part 
of a projection display apparatus. This projection display 
apparatus includes three liquid crystal light valves. 42, 44, 
and 46, a dichroic prism 48, and a projection lens 50. Red 
reflecting films 48R and blue reflecting films 48B are 
located in the form of a cross in the center of the dichroic 
prism 48. The dichroic prism 48 synthesizes lights of three 
colors, red, green, and blue that are modulated by the three 
liquid crystal light valves 42, 44, and 46, and emits the 
lights toward the projection lens 50. The projection lens 
50 focuses the synthesized lights onto a projection screen 
52. 

A general type of dichroic prism is made by bonding 
rectangular surfaces of four rectangular prisms that are 
equal in size. The red reflecting films 48R are previously 
formed on predetermined rectangular surfaces of two 
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rectangular prisms so that they form a flat plane when four 

rectangular prisms are bonded together. The blue reflecting 

films 48B are also previously formed on predetermined 

rectangular surfaces of two rectangular prisms in a similar 

manner. In making a dichroic prism by bonding four 

rectangular prisms of equal size, however, it is very 

difficult to accurately bond the rectangular prisms so that 

the red reflecting films 48R form a flat plane and the blue 

reflecting films 48B form a flat plane. 

Accordingly, in order to accurately bond rectangular 

prisms together, it is well known to make some of the * 

rectangular prisms longer than the others, as shown in, for 

example, Fig. 1 of Japanese Unexamined Patent Publication 

No. 7-294845. 

/tftejdsid /VfoJjLTt eYf/^^7*rp v/c^^> 

Fiy . — 3r4 — to i ti nvp i n n ^-rfry-- r r jrew showing problems of such 

a conventional dichroic prism. As shown in Fig. 14(A), a 
dichroic prism 48 includes two rectangular prisms 61 and 62 
that are long in the longitudinal direction (also referred 
to as "a long rectangular prism pair") , and two rectangular 
prisms 63 and 64 that are short in the longitudinal 
direction (also referred to as "a short rectangular prism 
pair") . Blue reflecting films 48B are formed on interface 
surfaces between the long rectangular prism pair 61 and 62 
and the short rectangular prism pair 63 and 64. Rectangular 
surfaces of the long rectangular prism pair 61 and 62 are 
partly exposed, and the blue reflecting films 48B are also 
formed on the exposed surfaces. Moreover, red reflecting 
films are formed on an interface surface between the long 
rectangular prism pair 61 and 62, and on an interface 
surface between the short rectangular prism pair 63 and 64, 
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respectively. 

In a projection display apparatus, there is light that 
returns from a projection lens 50 toward the dichroic prism 
48 because of reflection by the projection lens 50, or the 
like. A description will now be given of a case in which 
\r) white return light W is produced in the example shown in 
(S^- \ — F - i€. — 3t4-j — Fig - — 14 (D) ■ is a horizontal sectional view of 
i \ \ protruding portions of the long rectangular prism pair 61 

and 62 at the top thereof. When the return light W enters a 
protruding rectangular surface of the rectangular prism 61 
™ (a surface provided with the blue reflecting film 48B) , it 

;3 is totally reflected by the rectangular surface. Only red 

^~ light R of the totally reflected return light W is reflected 

In by the red reflecting film 48R, and is emitted again toward 

If! the projection lens 50. fl^.Hft)*.^ \1*Cb) 

13^3- In the conventional dichroic prism shown in ^IT - ig. 14 , 

Q the return light, which returns from the light emitting 

surface side to the dichroic prism, is thus reflected inside 
the dichroic prism and is emitted again from the light 
emitting surface. Consequently, the influence of this 
return light is exerted on an image to be reproduced by 
light emitted from the dichroic prism. 

The present invention has been made to solve the above 
problem of the related art, and it is an object of the 
present invention to prevent return light, which returns 
from the light emitting surface side of a dichroic prism to 
the dichroic prism, from emitting again from the light 
emitting surface. 
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In order to at least partially solve the above- 
£? mentioned problem, a first invention provides a dichroic 
prism composed of four rectangular prisms with their 
rectangular surfaces bonded together, wherein at least one 
of the four rectangular prisms is longer than the other 
rectangular prisms, so that a part of the rectangular 
surface of the long rectangular prism protrudes from the 
rectangular surfaces of the other rectangular prisms in the 
longitudinal direction, and wherein a dichroic film is 
formed on a part of the rectangular surface of the long 
rectangular prism other than the protruding part. 

Since this makes it possible to prevent return light 
from being reflected by a dichroic film on the protruding 
part, it is possible to prevent return light from emitting 
again from the light emitting surface. 
£> A second inv e ntion provides a dichroic prism composed 

of four rectangular prisms with their rectangular surfaces 
bonded together, wherein a first rectangular prism pair 
composed of adjoining two of the four rectangular prisms is 
longer than the other second rectangular prism pair, so that 
a part of the rectangular surface of the first rectangular 
prism pair protrudes from the rectangular surface of the 
second rectangular prism pair in the longitudinal direction, 
and wherein a dichroic film is formed on a part of the 
rectangular surface of the first rectangular prism pair 
other than the protrudinq part. 

Since the second - invention also makes it possible to 
prevent return light from being reflected by a dichroic film 
on the protruding part, it is possible to prevent return 
light from emitting again from the light emitting surface. 




In the above first or second -inv ent ion , it is 




preferable that the two rectangular prisms in the first 
rectangular prism pair be fixed in a state shifted from each 
other in the longitudinal direction so that they form a 
step . 

This makes it possible to precisely position the center 
axis of the dichroic prism with the use of the step, and 
furthermore, to precisely position the reflecting surfaces 
of the rectangular prisms in the same plane. 

In the above first or second - invention, it is 



preferable that the rectangular surface at the step of the 
first rectangular prism pair be provided with a light 
diffusing layer for diffusing light. This makes it possible 
to prevent return light from being totally reflected by the 
step of the protruding part. 

The light diffusing layer may be an adhesive layer or a 
ground glass layer. This ground glass layer may be formed 
by omitting to grind a part of the rectangular surface of 
the rectangular prism that is to be provided with the light 
diffusing layer., i , 



stand for mounting the dichroic prism thereon, wherein the 
prism stand has a step that matches the step of the dichroic 
prism. 

The use of such a prism unit makes it possible to 
easily mount the dichroic prism of the first or second 
4r*we*vfcrrcm in another apparatus. 



apparatus comprising an illumination optical system for 




A fourth t n - vcntio o. provides a projection display 
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emitting illumination light, colored light separation means 
for separating the illumination light into lights of three 
colors, three light modulation means for modulating the 
three colored lights based on a giv^ri^frij^^gj^ignal , a 
dichroic prism . claimed in one of claims — ] — to fi , and a 
projection optical system for projecting the lights 



synthesized by the dichroic prism. 

In the projection display apparatus of the fourth 
3riwcntion 7 return light that returns from the projection 
optical system to the dichroic prism can be prevented from 
being reflected inside the dichroic prism and emitting again 
from the light emitting surface. As a result, it is 
possible to prevent an image to be reproduced by light 
projected from the projection optical system from being y 
affected by the return light. 



Brief Description of the Drawings 

— r is an explanatory viewjof a dichroic prism 200 
according to a first embodiment of the present invention. 
0Ls Figs, if are a front view of the dichroic prism 200 of 

the first embodiment, and a cross-sectional view taken along 
line B-B in the f,ront view. 
/\ Pdftg^ — 3 is a . perspective viewj of four rectangular prisms 
301 to 304 that constitute the dichroic prism 200 of the 
first embodiment. 

Fig. 4 is a perspective view of a dichroic prism 200a 
according to a second embodiment of the present invention. 
^ * Figs. 35 are a front view of the dichroic prism 200a of 

the second embodiment, and a cross-sectional view taken 
along line B-B in the front view. 
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Fifg . — 6' is — a perspective* view - of four rectangular prisms 



— 6 is a persiacogivo view - of ] 



301a, 302a, 303, and 304 that constitute, the dichroic prism 

£0-0- of the .#«^s-fc embodiment. 
A r 

Fig. 7 is an explanatory view showing a process of 
bonding the first rectangular prism 301a and the third 
rectangular prism 303. 

Fig. 8 is an explanatory view showing a process of 
bonding the second rectangular prism 302a and the fourth 
rectangular prism 3Q4 . 

fa f/Aj txpfaw&y Y/e<A/S 

-Fitp — 9 Is an explanatory view showing a method of 

assembling two bonded prisms made according to the processes 

shown in Figs. 7 and 8. 

&4f. and /f£#jAr± p6SZ>/?cc-hv£ 

J£±q- m — 3r8— irs a pe r s p ec Live 'view of a prism stand 400 used 

in the dichroic prisjn. . 

/t//t)4o /fe] Of* i¥/>4*fi**rf fr0*fS 

11 ^ *™ E xplana to ry vi pw of a prism unit 260 
employed in a projection display apparatus. 

Fig. 12 is a schematic plan view showing the principal 
part of the projection display apparatus that utilizes the 
dichroic prism unit 260 according to the embodiment of the 
present invention . 

Fig. 13 is a conceptual view showing the principal part 
of a projection display apparatus. 

z£kr. MA4)o*d /tip) e&fa*****/ 

£i<gT 14 ±3 an explanatory vi e w showing a problem of a 
conventional dichroic prism. 



■ fir -.t^JMn dr ~ f o r f nrryi n r j Ont- fhr Inve nt urn 

A. First Embodiment: 

Next, modes for carrying out the present invention will 



be described according to the embodiments. - jr ig -. — 3 — aru. 



.exp lanatory viow - o 



f a dichroic prism 200 according to a 
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first embodiment of the present invention. As shown in Fig. 
1(A), this dichroic prism 200 includes two adjoining long 
rectangular prisms 301 and 302 .(also referred to as "a long 
rectangular prism pair")/ and two adjoining short 
rectangular prisms 303 and 304 (also referred to as "a short 
rectangular prism pair"). The two long rectangular prisms 
301 and 302 are shaped like rectangular triangular prisms 
that are equal in length (in the longitudinal direction) . 
The two short rectangular prisms 303 and 304 are also shaped 
like rectangular triangular prisms that are equal in length. 
The short rectangular prism pair 303 and 304 are bonded to 
almost the center of the long rectangular prism pair 301 and 
303 in the longitudinal direction. That is, the long 
rectangular prism pair 301 and 302 protrude from the top and 
bottom of the short rectangular prism pair 301 and 302 by an 
almost equal length . 

Fig. 2(A) is a front view of the dichroic prism 200 
according to the first embodiment, and Fig. 2(B) is a cross- 
sectional view taken along line B-B in Fig. 2(A). As shown 
in Fig. 2(B), blue reflecting films 301B and 302B are formed 
on an interface surface between the long rectangular prism 
pair 301 and 302 and the short rectangular prism pair 303 
and 304. Furthermore, red reflecting films 302R and 304R 
are formed on an interface surface between the long 
rectangular prism pair 301 and 302 and on an interface 
surface between the short rectangular prism pair 303 and 

304, respectively. 

fig?. Jf* perspective *e*rs 

i is a per s prfitive view, of the four rectangular 

prisms 301 to 304 that constitute the dichroic prism 200 of 

the first embodiment. As shown in Fig. 3(A), the blue 
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reflecting film 301B is formed on one of two rectangular 
surfaces of the first rectangular prism 301 that serves as 
an interface surface between the first rectangular prism 301 
and the third rectangular prism 303, providing that exposed 
surfaces 311 and 312 protruding from the short rectangular 
prism pair 303 and 304 are not provided with the blue 
reflecting film 301B, and are ground to flat ground 
surfaces. The other rectangular surface of the first 
rectangular prism 301 is also not provided with any 
reflecting film, and is ground to a flat ground surface. 

As shown in Fig. 3(B), the blue reflecting film 302B is 
formed on one of two rectangular surf aces of the second 
rectangular prism 302 that serves as an interface surface 
between the second rectangular prism 302 and the fourth 
rectangular prism 304, providing that exposed surfaces 321 
and 322 protruding from the short rectangular prism pair 303 
and 304 are not provided with the blue reflecting film 301B 
and are ground to flat ground surfaces. The other 
rectangular surface of the second rectangular prism 302 
(i.e., the surface serving as an interface surface between 
the second rectangular prism 302 and the first rectangular 
prism 301) is provided with the red reflecting film 302R, 
providing that surface portions 331 and 332 protruding from 
the short rectangular prism pair 303 and 304 are not 
provided with the red reflecting film 302R, and are ground 
to flat ground surfaces. 

The two rectangular surfaces of the third rectangular 
prism 303 (Fig. 3(C)) are not provided with reflecting films 
(dichroic films), and are ground to flat ground surfaces. 
One of the two rectangular surfaces of the fourth 
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rectangular prism 304 (Fig. 3(D)), which serves as an 
interface surface between the fourth rectangular prism 304 
and the third rectangular prism 303, is entirely provided 
with the red reflecting film 304R. The other rectangular 
surface of the fourth rectangular prism 304 is not provided 
with any reflecting film (dichroic film) , and is ground to a 
flat ground surface. 

As shown in Figs. 3(A) and 3(B), the reflecting films 
301B, 302B, and 302R are formed only on the parts of the 
rectangular surfaces of the long rectangular prism pair 301 
and 302 that overlap with the short rectangular prism pair 
303 and 304. In other words, the portions 311, 312, 321, 
322, 331, and 332 protruding from the top and bottom of the 
short rectangular prism pair 303 and 304 are not provided 
with any reflecting films (dichroic films) . 

The reflecting film (dichroic film) is generally formed 
by evaporating a dielectric multilayer film. The dichroic 
prism 200 shown in Fig. 1 can be produced by bonding the 
thus prepared four rectangular prisms 301 to 304 with an 
adhesive. A method of assembling the dichroic prism of the 
embodiment will be described later in detail. 

Figs. 1(A) and 1(B) also show the optical path of white 
return light W that enters the protruding portions of the 
long rectangular prism pair 301 and 302. Fig. 1(B) is a 
horizontal sectional view of the protruding portions of the 
long rectangular prism pair 301 and 302. When the return 
light W from a projection lens 270 is incident on the 
protruding rectangular surface of the second rectangular 
prism 302 (the exposed surface 321), it is totally reflected 
thereby. Since the interface surfaces between the 
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protruding portions of the long rectangular prism pair 301 
and 302 (the surfaces 331 and 332 shown in Fig. 3(B)) are 
not provided with a red reflecting film, the return light W 
totally reflected by the exposed surface 321 shown in Fig. 
1 (A) travels straight and unchanged through the interface 
surface between the long rectangular prism pair 301 and 302, 
passes through the first rectangular prism 301, and then, 
emerges. 

In this way, in the dichroic prism 200 of the first 
embodiment, the return light W from the projection lens 270 
does not emit again from the light emitting surface of the 
dichroic prism 200 (i.e., the light emitting surface of the 
second rectangular prism 302) . As a result, it is possible 
to avoid a phenomenon in which return light affects an image 
to be reproduced by light emitted from the light emitting 
surface of the dichroic prism. This advantage is obtained 
because dichroic films are not formed on the interface 
surfaces 331 and 332 between the protruding portions. 

Furthermore, since the exposed surfaces 311, 321, 312, 
and 322 are not provided with a dichroic film in the above- 
described embodiment, assembly precision can be improved by 
assembling the dichroic prism 200 with reference to the 
exposed surfaces. 
B. Second Embodiment 

Fig. 4 is a perspective view of a dichroic prism 200a 
according to a second embodiment of the present invention. 
The dichroic prism 200a is different from the first 
embodiment shown in 44^=>X in that long rectangular prisms 

A*- 

301a and 302a are vertically shifted from each other by a 
predetermined amount. * \ 
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Fig. 5(A) is a front view of the dichroic prism 200a of 

the second embodiment^/ and Fig. 5(B) is a cross-sectional 

view taken along line B-B of Fig. 5(A). An upward 

protrusion length Hi of the first rectangular prism 301a 

(i.e., the height of an exposed surface 341) is equal to the 

downward protrusion length of the second rectangular prism 

302a (i.e., the height of an exposed surface 352). 

Furthermore, a downward protrusion length H2 of the first 

rectangular prism 301a (the height of an exposed surface 

342) is equal to the downward- protrusion length of the 

second rectangular prism 302a (the height of an exposed 

surface 351) . When the long rectangular prisms 301a and 

302a are thus shifted from each other in the longitudinal 

direction, it is easy to precisely position the center axis 

of the dichroic prism 200a in mounting the dichroic prism 

200a in an optical apparatus such as a projection display 

apparatus. In addition, it is easy to position the 

reflecting surfaces of dichroic films %n the same plane. 
/fas £A)J**&0 pevs^cUV^ l/f£WS 

jTig . * G io a ■ pc - ropocti'vo v f*ew~ of four rectangular prisms 

301a, 302a, 303, and 304 that constitute the dichroic prism 
200a of the second embodiment. The long rectangular prism 
pair 301a and 302a shown in Figs. 6(A) and 6(B) are 
different from those shown in Figs. 3(A) and 3(B) only in 
the positions where reflecting films (dichroic films) are 
formed. 

Fig. 7 is an explanatory view showing the process of 
combining the first rectangular prism 301a and the third 
rectangular prism 303. The combination is performed by 
using a first assembly jig 500. The first assembly jig 500 
includes a base 502 having a flat surface 502a, and a height 
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difference setting member 504 fixed on the base 502. In the 
height difference setting member 504, a height difference HI 
that corresponds to a height difference HI between the two 
rectangular prisms 301a and 303 is formed with high 
accuracy . 

In combining the two rectangular prisms 301a and 303, 
first, an adhesive is applied onto their surfaces to be 
bonded. Then, air bubbles in the adhesive are removed by 
rubbing the two prisms together. After that, as shown in 
Fig. 7, the two prisms 301a and 303 are laid on the base 
502. At this time, the prisms 301a and 303 are pressed 
against the height difference setting member 504 so that the 
height difference between the prisms is equal to the height 
difference Hi of the height difference setting member 504. 
This makes it possible to set the height difference between 
the prisms with high precision. 

The bottom surfaces of the two. rectangular prisms 301a 
and 303 shown in Fig. 7 are not provided with any dichroic 
films, and are formed with ground surfaces. Since the 
surface 502a of the base 502 is formed with a high-precision 
flat surface, it is possible to obtain a high degree of 
flatness with respect to one plane formed by the two 
rectangular prisms. 

After the relative positional relationship between the 
two rectangular prisms 301a and 303 is thus precisely set, 
the adhesive applied on the bonded surfaces is solidified. 
As a result, it is possible to obtain the rectangular prism 
pair 301a and 303 in a combination of high precision. 

Fig. 8 is an explanatory view showing the process of 
bonding the second rectangular prism 302a and the fourth 
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rectangular prism 304. A second assembly jig 510 to be used 
at this time includes a base 512 and a height difference 
setting member 514 in the same manner as the first assembly 
jig 500. The second assembly jig 510 is different from the 
first assembly jig 500 only in that a height difference H2 
of the height difference setting member 514 is set at a 
value equivalent to a height difference H2 between the two 
rectangular prisms 302a and 304. The assembly method is 
similar to the method for the first rectangular prism 301a 
and the third rectangular prism 303 mentioned with reference 
to Fig. 7. 

The bottom surfaces of the two rectangular prisms 302a 
and 304 shown in Fig. 8 are provided with red reflecting 
films, respectively. Since a surface ■ 510a of Ll tu b aj c 510 
is formed in a high-precision flat surface, it is possible 
to obtain a high degree of flatness with respect to a red 
reflecting plane formed by the red reflecting films of the 
two rectangular prisms 3J)2A - and 304. 

Comparing lights of two colors, red and blue, to be 

reflected by the reflecting plane, the red light has the 

higher spectral luminous efficiency (that is, it is more 

visible to the naked eye) . Therefore, it is preferable that 

the plane to be formed by the red reflecting films be as 

even as possible. According to the assembly method of this 

embodiment, the assembling can be performed so that the red 

£qs. 6/<6j A***- ^OV 
reflecting films 302R and 304R shown in 4rr#^-6- precisely 

form one plane, and therefore, it is possible to produce an 

excellent dichroic prism in this aspect. Since the spectral 

luminous efficiencies of green, red, and blue decrease in 

this order, when green reflecting films are used instead of 
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the red reflecting films or the blue reflecting films, it is 
preferable that the assembling is performed by this assembly 
method so that the green reflecting films form one plane. 

-1Ti?q~. — 9 ib an e xplanaLuiy view showing the process of 
bonding two bonded prisms that are produced according to 
the processes shown in Figs. 7 and 8. This assembly process 
uses a third assembly jig 520. Fig. 9(B) is a plan view of 
the third assembly jig 520. The third assembly jig 520 
<L includes a base £2^- having a rectangular opening 522b at 

about the center, and a height difference setting member 524 
^ fixed on a surface 522a of the base The dimensions of 

Jt the opening 522b are set so that the short rectangular prism 

iTj pair 303 and 304 are completely held inside thereof and both 

h \l ends of the long rectangular prism pair 301a and 302a in the 

Ui longitudinal direction are outside thereof. 

O A height difference H3 of the height difference setting 

O member 524 is set at a value equal to the difference between 

y3 the height difference HI of the bonded prism shown in Fig. 

7 and the height difference H2 of the bonded prism shown in 

Fig. 8 (H2-H1) . 

In bonding the two bonded prisms together, an adhesive 
is applied onto their surfaces to be bonded, and the two 
bonded prisms are laid on the third assembly jig 520 so 
that the short rectangular prism pair 303 and 304 are held 
inside the opening 522b, as shown in Fig. 9(A). Then, the 
height difference between the long rectangular prism pair 
301a and -£63* is made equal to the height difference H3 of 
the height difference setting member 524 by pressing the 
long rectangular prism pair 301a and 302a against the height 
difference setting member 524. As a result, it is possible 
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to set the height difference between the rectangular prisms 
^ 301a and 303a - with high precision. 

Only the protruding portions of the rectangular 

surfaces of the two rectangular prisms 301a and jj^a- which 
^ 3*/*, a ^L 352 

dU, are not provided with reflecting films (611 ; — 31 - 2 - — 3-2±-, — a**d- 

5Aw/> /a tsft) <W Lfo) _ . _ . 

/p^ - 322 shown in Fig. 0) are in contact with the surface 522a of 

fc- the base 522. Since these protruding portions ^ - 311 , 312, . 

£s 22-1, and 322 are ground surfaces, it is possible to obtain a 

hiqh degree of flatness with respect to these ground 

* £W, Site, 3& 

£ surfaces by placing these protruding portions ^- 311, — 34^ — ^2-1-^ 

£q etft d 322 - on the surface 522a of the base 522. As shown in 

" y Fiqs 6(A) and 6(B), the ground surface (adhesive surface) 

jC$ti that is flush with the protruding portions 311 and 312 is 

[ 0 provided with the blue reflecting film 301B, and the ground 

l - n surface (adhesive surface) that is flush with the protruding 

portions 321 and 322 is also provided with the blue 
C3 reflecting film 302B. Therefore, by assembling the 

Cm rectangular prisms as shown a high degree of 

flatness can be obtained with respect to the blue reflecting 
plane formed by the blue reflecting films 301B and 302B. 

After the relative positional relationship between the 
two bonded prisms is precisely set, the adhesive applied on 
the bonded surfaces is solidified. As a result, it is 
possible to obtain the precisely combined dichroic prism 
200a (Fig. 4) . When an ultraviolet-curing adhesive is used 
as the adhesive for bonding the four rectangular prisms, it 
is possible to reduce the curing time and the heat to be 
generated during curing. 

Fig. 10(A) is a perspective view of a prism stand 400 
for mounting the dichroic prism 200a thereon, viewed from. 
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the front side, and Fig. 10(B) is a perspective view of the 
prism stand 400, viewed from the opposite side. This prism 
stand 400 has an external shape of a square when viewed in 
plan, and comprises first and second triangular stands 402 
and 404 having a right-angled triangular shape that are each 
one-fourth of the external shape, and a third triangular 
stand 406 having a right-angled triangular shape that is 
half the external shape. The third triangular stand 406 is 
the highest of the three triangular stands. The first 
triangular stand 402 is lower than the third triangular 
stand 406 by H4 . This height difference H4 is almost equal 
to the downward protrusion length H2 of the first 
rectangular prism 301a from the short rectangular prism pair 
303 and 304, as shown in Fig. 5(A). The second triangular 
stand 404 is lower than the third triangular stand 406 by 
H5. This height difference H5 is almost equal to the upward 
protrusion length HI of the first rectangular prism 301a 
from the short rectangular prism pair 303 and 304, as shown 
in Fig . 5 (A) . 

In utilizing the dichroic prism 200a in an optical 
apparatus such as a projection display apparatus, 
preferably, the dichroic prism 200a and the prism stand 400 
are combined into the prism unit shown in Fig. 11(A) by 
bonding the bottom surface of the dichroic prism 200a to the 
prism stand 400, and the dichroic prism 200a is fixed inside 
the optical apparatus through the prism stand 400. Since 
the prism stand 400 is flat at the bottom, it can be easily 
fixed inside the optical apparatus by using screws or the 
like. It is preferable to use resin or metal as the 
material of the prism stand in consideration of costs and 
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ease of shaping. The use of a resin or metal prism stand 
creates a concern that the prism stand is apt to be deformed 
by heat and the dichroic prism 200a in the optical apparatus 
may be displaced due to the deformation. When the bottom 
surface of a corresponding rectangular prism of the dichroic 
prism 200a is bonded to only one of the first to third 
triangular stands 402, 404, and 406 of the prism stand 400, 
however, the dichroic prism 200a is relatively resistant to 
displacement even if the prism stand 400 undergoes thermal 
deformation. In particular, when the rectangular prism 301a 
is bonded only to the first triangular stand 402, or when 
the rectangular prism 302a is bonded only to the second 
triangular stand 404, since the area of the bonded surface 
is small, it is possible to minimize the influence of 
thermal deformation of the prism stand. r> \it\^ J lfu\ 



In using the dichroic prism 200 shown in - Fig ■ — t 

r 

according to the first embodiment, a prism stand having a 
step portion that corresponds to the step portion at the 
bottom of the dichroic prism 200 is used. 



formed by the upward protruding portions of the long 
rectangular prism pair 301a and 302a. A part 310 of the 



serving as a light scattering layer. Fig. 11(C) is a 
horizontal sectional view of the dichroic prism 200a, taken 
at the exposed surface 310 of the second rectangular prism 
302a, and illustrates the state in which return light W is 
irregularly reflected by the adhesive layer 312. The return 




Fig. 11(B) is an enlarged view showing the step portion 



rectangular surface of the second rectangular prism 302a is 
exposed above the first rectangular prism 301a. This 
exposed surface 310 is provided with an adhesive layer 312 





light W, which returns from the light emitting surface side 
to the inside of the dichroic prism 200a, is totally 
reflected by the exposed surface 351 of the rectangular 
prism 302a, and then is irregularly reflected again by the 
adhesive layer 312 formed on another exposed surface 310. 
Therefore, it is possible to prevent the return light W from 
emitting again from the light emitting surface of the 
dichroic prism 200a. 

Another light diffusing layer may be formed on the 
protruding portion 310 instead of the adhesive layer. For 
example, the exposed surface 310 may be made of ground 
glass. Similarly, it is preferable that the exposed surface 
351 and the step portion at the bottom of the dichroic prism 
be provided with a light diffusing layer such as an adhesive 
layer, or be made of ground glass. 
C. Configuration of Projection Display Apparatus 

Fig. 12 is a schematic plan view showing the principal 
part of a projection display apparatus that utilizes the 
dichroic prism unit 260 according to the embodiment of the 
present invention. This projection display apparatus 
comprises an illumination optical system 100, dichroic 
mirrors 210 and 212, reflecting mirrors 220, 222, and 224, 
relay lenses 230 and 232, three field lenses 240, 242, and 
244, three liquid crystal light valves (liquid crystal 
panels) 250, 252, and 254, the dichroic prism unit 260, and 
a pro j ection lens system 27 0 . 

The illumination optical system 100 comprises a light 
source 110 for emitting an almost parallel beam, a first 
lens array 120, a second lens array 130, a polarizing 
conversion element 140 for converting incident light into a 




predetermined linearly polarized light component, a 
reflecting mirror 150, and a condenser lens 160. The 
illumination optical system 100 is an optical system for 
almost uniformly illuminating the three liquid crystal light 
valves 250, 252, and 254 that are regions to be illuminated. 

The light source 110 comprises a source lamp 112 
serving as a radiation source for emitting radial beams and 
a concave mirror 114 for emitting the radial light emitted 
from the source lamp 112 as an almost parallel beam. It is 
preferable to use a parabolic mirror as the concave mirror 
114 . 

A parallel beam emitted from the light source 110 is 
split into a plurality of partial beams by the first and 
second lens arrays 120 and 130. Microlenses 122 of the 
first lens array 120 focus the partial beams near polarizing 
separation films of the polarizing conversion element 140. 
Microlenses 132 of the second lens array 130 have the 
function of focusing light source images in the first lens 
array 120 onto the liquid crystal light valves 250, 252, and 
254. The partial beams emitted from the microlenses 132 of 
the second lens array 130 are reflected by the reflecting 
mirror 150. The condenser lens 160 functions as a 
superimposing optical system that superimposes and focuses 
these plurality of partial beams onto the liquid crystal 
light valves 250, 252, and 254 serving as regions to be 
illuminated. As a result, the liquid crystal light valves 
250, 252, and 254 are illuminated almost uniformly. 

The two dichroic mirrors 210 and 212 function as 
colored light separation means for separating white light 
condensed by the condenser lens 160 into colored lights of 
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three colors, red, green, and blue. The first dichroic 
mirror 210 transmits a red light component of the white beam 
emitted from the illumination optical system 100, and 
reflects a blue light component and a green light component. 
The red light transmitted through the first dichroic mirror 
210 is reflected by the reflecting mirror 220, and reaches 
the liquid crystal light valve for red light 250 through the 
field lens 240. The field lens 240 has the function of 
focusing the light source image near the second lens array 
130 into the projection lens system 270. Furthermore, the 
partial beams passed through the field lens 240 are made 
into almost parallel beams. This also applies to the field 
lenses 242 and 244 located in front of the other liquid 
crystal light valves. The green light of the blue and green 
lights reflected by the first dichroic mirror 210 is 
reflected by the second dichroic mirror 212, passes through 
the field lens 242, and reaches the liquid crystal light 
valve for green light 252. On the other hand, the blue 
light passes through the second dichroic mirror 212 and a 
relay lens system including the relay lenses 230 and 232 and 
the reflecting mirrors 222 and 224, further passes through 
the field lens 244, and reaches the liquid crystal light 
valve for blue light 254. The relay lens system is provided 
for the blue light because the optical path length of the 
blue light is longer than those of the other colored lights. 

The three liquid crystal light valves 250, 252, and 254 
function as optical modulation means for forming images by 
modulating the colored lights of three colors according to 
given image information (image signals). The dichroic prisn 
unit 260 functions as colored light synthesizing means for. 
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forming a color image by synthesizing the three colored 
lights. In the dichroic prism unit 260, a dielectric 
multilayer film for reflecting red light and a dielectric 
multilayer film for reflecting blue light are located in 
about the shape of an X on the interface surfaces among four 
rectangular prisms. The three colored lights are 
synthesized by these dielectric multilayer films, whereby a 
synthetic light for projecting a color image is formed. The 
synthetic light generated by the dichroic prism unit 260 is 
emitted toward the projection lens system 270. The 
projection lens system 270 functions as a projection optical 
system for projecting the synthetic light onto a projection 
screen 300, and thereby displaying a color image. 

This projection display apparatus utilizes the prism 
unit 260 employing the dichroic prism according to the 
above-mentioned embodiment. Therefore, it is possible to 
prevent return light from the projection lens 270 to the 
dichroic prism from emitting again from the light emitting 
surface of the dichroic prism. As a result, it is possible 
to prevent an image to be projected on the projection screen 
300 from being affected by the return light, and to thereby 
project a clear image. 

The present invention is not limited to the above- 
mentioned embodiments and forms, and may be embodied in 
various forms without departing from the spirit and -scope 
thereof. For example, the following modifications are 
possible . 

(1) While two of the four rectangular prisms for 
constituting the dichroic prism are longer than the other 
two rectangular prisms in the above embodiments, the present 
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invention is not limited to such a structure, and is 
applicable to a case in which at least one rectangular prism 
is longer than the other rectangular prisms. Furthermore, 
the present invention is applicable to a case in which four 
rectangular prisms of equal length are bonded while being in 
a state shifted from one another in the longitudinal 
direction. 

(2) While two relatively long rectangular prisms are equal 
in length in the above embodiments, they may be different in 
length. When the two relatively long rectangular prisms are 
different from each other in length, it is easy to 
discriminate between the top and bottom of the dichroic 
prism. Furthermore, two relatively short rectangular prisms 
may be different in length. 

(3) Various types of placements and structures of dichroic 
films in the dichroic prism are possible besides those of 
the above embodiments. For example, a green reflecting film 
may be provided instead of the blue reflecting film. 

(4) While the present invention applies to a transmissive 
projection display apparatus in the above embodiments, it is 
also applicable to a reflective projection display 
apparatus. The "transmissive" type means that optical 
modulation means such as a liquid crystal light valve 
transmits light, and the "reflective" type means that the 
optical modulation means -fe-^ anomitc light. In the reflective 

A. 

projection display apparatus, the dichroic prism is utilized 
as colored-light separation means for separating white light 
into lights of three colors, red, green, and blue, and is 
also utilized as colored light synthesizing means for 
synthesizing again and emitting the modulated three colored 




lights in the same direction. Even when the present 
invention applies to the reflective projection display 
apparatus, it is possible to obtain almost the same 
advantages as those of the transmissive projection display 
apparatus . 

(5) While irregular reflection is given as an example of 
light scattering in the above embodiments, light may be 
uniformly scattered instead of being irregularly reflected. 



